VOLUME 83 NO. PL2 
JUNE 1957 


JOURNAL of the 
- Pipeline 


Division 


PROCEEDINGS OF THE 


==) AMERICAN SOCIETY 


SY OF CIVIL ENGINEERS 


BASIC REQUIREMENTS FOR MANUSCRIPTS 


This Journal represents an effort by the Society to deliver information to the 
reader with the greatest possible speed. To this end the material herein has 
none of the usual editing required in more formal publications. 


Original papers and discussions of current papers should be submitted to the 
Manager of Technical Publications, ASCE. The final date on which a discussion 
should reach the Society is given as a footnote with each paper. Those who are 
planning to submit material will expedite the review and publication procedures 
by complying with the following basic requirements: 


1. Titles should have a length not exceeding 50 characters and spaces. 
2. A 50-word summary should accompany the paper. 


3. The manuscript (a ribbon copy and two copies) should be double-spaced 
on one side of 814-in. by 11-in. paper. Papers that were originally prepared for 
oral presentation must be rewritten into the third person before being submitted. 


4. The author's full name, Society membership grade, and footnote reference 
stating present employment should appear on the first page of the paper. 


5. Mathematics are reproduced directly from the copy that is submitted. 
Because of this, it is necessary that capital letters be drawn, in black ink, 3/16-in. 
high (with all other symbols and characters in the proportions dictated by 
standard drafting practice) and that no line of mathematics be longer than 614-in. 


Ribbon copies of typed equations may be used but they will be proportionately 
smaller in the printed version. 


6. Tables should be typed (ribbon copies) on one side of 8Y4-in. by 11-in. 
paper within a 614-in. by 1014-in. invisible frame. Small tables should be grouped 


within this frame. Specific reference and explanation should be made in the text 
for each table. 


7. Illustrations should be drawn in black ink on one side of 8Y4-in. by 11-in. 
paper within’ an invisible frame that measures 614-in. by 1014-in.; the caption 
should also be included within the frame. Because illustrations will be reduced 
to 69% of the original size, the capital letters should be 3/16-in. high. Photographs 
should be submitted as glossy prints in a size that is less than 614-in. by 104-in. 
Explanations and descriptions should be made within the text for each illustration. 


8. Papers should average about 12,000 words in length and should be no 
longer than 18,000 words. As an approximation, each full page of typed text, 
table, or illustration is the equivalent of 300 words. 


Further information concerning the preparation of technical papers is con- 
tained in the “Technical Publications Handbook” which can be obtained from 


the Society. 


Reprints from this Journal may be made on condition that the full title of 
the paper, name of author, page reference (or paper number), and date of 
publication by the Society are given. The Society is not responsible for any 
statement made or opinion expressed in its publications. 


This Journal is published by the American Society of Civil Engineers. 
Publication office is at 2500 South State Street, Ann Arbor, Michigan. Editorial 
and General Offices are at 33 West 39 Street, New York 18, New York. $4.00 of 
a member's dues are applied as a subscription to this Journal. 


AT,BD,CP,CO,HW,IR,SU,WW,PL. 


Journal of the 
PIPELINE DIVISION 


Proceedings of the American Society of Civil Engineers 


PIPELINE DIVISION 
COMMITTEE ON PUBLICATIONS 
Herbert A. Smallwood, Chairman 


CONTENTS 


June, 1957 


Papers 


High-Pressure Steam Main Under New York City Streets 
by James C. Fisher 


Secondary Stresses in Large-Diameter Pipelines 
by G. M. McClure 


Pipeline River Crossings 
by Leo M. Odom 


Copyright 1957 by the American Society of Civil Engineers. 


| 
Number 


Paper 1279 


Journal of the 
PIPELINE DIVISION 


Proceedings of the American Society of Civil Engineers 


HIGH-PRESSURE STEAM MAIN UNDER NEW YORK CITY STREETS! 


James C, Fisher, 2 A.M. ASCE 
(Proc. Paper 1279) 


SYNOPSIS 


This paper treats of the design and construction of a 24" steam main to 
operate at 400 psig for underground installation in New York City streets. 
To the best of the authors knowledge it is the first steam main of this size 
and pressure rating which has been built for general steam distribution 

purposes in the city. Certain design features new to the company’s steam 
main construction practice were introduced in this project and are described 
herein. 


INTRODUCTION 


The Consolidated Edison Company of N.Y. is a public utility corporation 
engaged in the business of furnishing the population of the metropolitan area 
of New York City with electric, gas and steam service. The steam business 
is confined to the mid-town and the financial sections of the borough of Man- 
hattan. Steam is obtained from either Company owned steam generating 
plants or as a by-product of the electric generating plants. This paper is 
concerned with a project recently completed by the Company in connection 
with its steam distribution system. 

There has been a decided increase in the demand for steam service in 
recent years. This up swing in the steam business is partially due to the 
trend towards centralized air conditioning in office buildings, hotels and new 
apartment houses. While the Company’s existing facilities are adequate to 
satisfy all of its present steam customers it was felt that with the rapid in- 
crease in the demand for steam supply and the forecast of future require- 
ments, the present facilities should be expanded. The Company’s forecast 
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analysis indicated that the most likely need for additional steam service 
would be in the financial district of down-town Manhattan. The Company has 
a steam generating station in this area known as the Burling Slip Station. 

The location of this station is shown on the attached map Figure 1. It was 
initially considered to expand the generating facilities of this station to meet 
the prospective increase in steam business. Economic and engineering 
studies which were made of this proposal however indicated that the cost of 
remodeling this station to increase its capacity would be extremely high. In 
addition there would be operating problems that might be difficult to over- 
come. An alternate to this proposal was to bring steam from some other 
source to the Burling Slip Station from whence it could be distributed through- 
out the lower Manhattan area. Steam could be readily made available for this 
purpose at the Company’s East River electric generating station located at 
the foot of 14th Street and East River Manhattan. Reference to Figure 1 
shows the geographic relationship between the East River and Burling Slip 
stations. The stations are approximately 2-1/2 miles apart. While it was 
recognized that the construction of a pipe line of sufficient capacity to trans- 
fer the required amount of steam between these two stations would be a proj- 
ect of considerable magnitude, it was the opinion of the Company that the in- 
stallation of this facility would be preferable to increasing the steam 
generating capacity of the Burling Slip station. Based on this decision the 
engineering department of the company was authorized to prepare plans and 
specifications for a high pressure steam main to be laid from the East River 
Station to the Burling Slip station. This main would deliver sufficient steam 
to satisfy the immediate and anticipated demand at Burling Slip. The sales 
and engineering departments of the Company estimated this demand to be 
1,000,000 lbs. of steam per hour for delivery to Burling Slip at 175 psig. It 
was calculated that a 24"" main operating at 400 psig would meet these re- 
quirements. The selection of this particular pipe size and operating pressure 


was considered to be the optimum within the limits of practical and safe op- 
erations. 


Planning the Route 


Planning the route for the steam main between the terminal point at East 
River Station and Burling Slip was the next step in the engineering study. 
Some idea of the problem of finding space below the City’s street surfaces for 
a pipe line of this size with its necessary appurtenances may be obtained from 
the following statistics on subsurface structures. Subsequent to 1884 when the 
New York State legislature made it mandatory for all utility lines to be laid 
under the streets the number of these structures has increased to the figures 
shown in the tabulation Figure 2. These figures do not include the rapid 
transit subway structures, The New York Central’s underground trackage for 
practically the full length of Park Avenue, other railroads with trackage below 
the street surface, vehicular under-passes, private and publicly owned vault 
space beneath the sidewalks, pneumatic mail tubes and numerous other buried 
facilities which made the installation of additional buried lines a formidable 
task. It may be recalled from the steam main distribution map Figure 1 that 
the nearest straight line route with minimum changes in direction between 
the East River Station at 14th Street and the Burling Slip station at Pearl 
Street would follow Second and Third Avenues. The selection of a route along 
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these streets however would mean a long cross-town-run upon leaving the 
East River Station and would involve crossings at several busy and congested 
intersections and in addition would bring the main into the area of future 
rapid transit subway construction. A study of street traffic and subsurface 
conditions along the streets to the east of these main thoroughfares indicated 
that a route along Avenue D—Henry Street and thence Pearl Street appeared 
more favorable. Layout plans were made for the installation of the steam 
main along this route. The length of the steam main run along this route 
would be 14,000 feet. The layout plans consisted of a complete set of topo- 
graphical drawings for the entire route. The drawings were made to a scale 
of 1"" = 20'. They show all surface features as well as all subsurface struc- 
tures which might interfere with the installation of the steam main. The data 
used in the preparation of these layout plans were obtained from several 
sources. An over ground survey was made and plotted. This plot was 
checked against the City’s topographical maps to confirm building lines, 
street lines and grades etc. Subsurface data on the location of sewers, 
watermains, rapid transit subways and other City owned underground struc- 
tures were compiled from City records. The location of other utilities in the 
streets such as telephone and electric conduit gas mains, etc., were obtained 
from the owning company’s records. The location of these underground 
structures and utilities as obtained from records was confirmed by over- 
ground pipe locator survey. Test pits were dug at street intersections where 
congested and complicated subsurface construction required a detailed study 
to determine whether space could be found for the installation of the steam 
main. 

There are special construction items required in the case of a high pres- 
sure steam pipe line that are not ordinarily provided for in water or gas pipe 
line construction. Such special construction includes provisions for pipe ex- 
pansion, intermediate anchors, thrust anchors, valve and drain manholes. A 
steam main must be provided with an insulated coating to minimize heat 
losses and most thermal insulating materials require both waterproof and 
mechanical protection. This in turn means some sort of housing or enclosure 
structure. This type of construction required careful consideration of sub- 
surface conditions to find available space and avoid as much as possible in- 
terference with existing structures. The design of these special items of 
construction will be discussed in more detail later on in this paper. 

In selecting the lane for the steam main the objective was to maintain as 
straight a pipe run as possible. When ever a change in the direction of the 
pipe line in excess of 45° becomes necessary, a thrust anchor was required. 
Thrust anchors were also required at each valve manhole location. These 
thrust anchors were of heavy construction and soil data investigations were 
made at each location where the thrust anchors were located. The soil data 
were obtained from borings and test pits. It was interesting to note that our 
subsoil studies confirmed to a reasonable degree the data shown on the New 
York City Viele map. This map was made in 1865 in connection with a sani- 
tary survey of the City. It shows original shore lines, made lands and the 
location of old stream beds long since filled in or diverted. It is most useful 
in the investigation for foundations, etc. Light load anchors were also re- 
quired for expansion joint thrusts. It was possible to build those anchors 
however, into the base of the steam main housing and external construction 
was not necessary. 


All of these special construction items together with the steam main and 
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its enclosure were plotted in both plan and profile on the layout drawings. 
Stationing and base line references were indicated so that the line of the 
steam main could be established on the ground for construction. The finished 
construction layout drawings together with complete job specifications and 
detail drawings for the various special construction items were furnished the 
Company’s Outside Plant Construction department. The construction depart- 
ment proceeded with the preparation of construction cost estimates, filing of 
the necessary drawings and data with the New York City authorities for per- 
mits to install the steam main in the City streets and finally the awarding of 
contracts for the various items of construction work. Most of the materials 
required for the project such as the pipe, valves, fittings, expansion joints, 
precast concrete manholes, etc., were purchased by the Company on indi- 
vidual Company standard specifications. 

In addition to the preparation of the construction layout drawings, design 
and detail drawings for the special construction items such as the enclosure 
for the steam main, provision for expansion and the methods of anchorage 
were prepared and issued. 

Included with and made a part of the working drawings was the job speci- 
fication. This specification is listed under the Company’s Construction 
Standards as “Specification for the Construction of a Steam Main to Operate 
at 400 PSI and 500° F.” The specification treats in detail only the items of 
work pertinent to this job. These would be in the category of trenching, in- 
stallation of the steam main, inspection, testing, etc. Items of material, ap- 
purtenant structures, etc., are all covered by either specific Company speci- 
fications or appropriate national specifications and standards. These supple- 
mentary specifications are referred to but not necessarily included in the job 
specification. It has been the experience of the company that specifications 
condensed in this form furnish the construction forces with all data required 
for the pertinent work of the particular project. In this manner the disad- 
vantages for on the job use of the conventional cumbersome and voluminous 
specifications which cover in detail all materials and appurtenances are 
avoided. It should be understood however that all supplementary specifications 
are a part of and as binding as though written out in the job specification. 


Pipe and Fittings 


Since the project involves the installation of a steam main, the pipe to 
carry the steam was one of the first items to consider in the design. It was 
stated in the beginning of the paper that a 24 inch diameter pipe would be re- 
quired for the specified quantity of steam to be delivered from East River 
Station to Burling Slip station. With the pipe size given, it became a matter 
to decide upon material, wall thickness and method of jointing. The criteria 
which were used as a guide in these determinations was the “American 
Standards Association Code for Pressure Piping B 31.1-1955 Section 4 Dis- 
trict Heating Piping Systems.” 

A carbon steel of soft weldable quality Grade B, with a carbon limitation 
of 0.30% was selected as the material for the pipe. The manufacture of the 
pipe was specified to be ASTM A-53 Grade “B” Seamless. The pipe was 
ordered in double random lengths of 40 feet. Butt weld joints made in ac- 
cordance with the ASA Standard for weld ends was specified. These require- 
ments were based on long experience on the part of the company with steel 
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pipe for high pressure gas mains where jointing was done by field welding. 
It was found that mild carbon steel pipe whether Grade A or Grade B with a 
carbon limitation of 0.30% satisfactorily meets these requirements. Aside 
from the technical and construction advantages it has also been the Company’s 
experience that carbon steel pipe is usually readily obtainable. Internal pipe 
wall stresses with the pipe operating under a pressure rating of 400 psig at 
500° F were computed. Localized shear stress at points of anchor attach- 
ment were checked for critical values. The longitudinal pressure stresses 
and hoop stresses due to internal pressure and the bending stresses caused 
by expansion thrust at bends were combined in accordance with the theory of 
principal stresses and compared with the allowable combined stress as spe- 
cified by the ASA Code for Pressure Piping. The stress analysis indicated a 
wall thickness of 1/2"' would be required. Stresses resulting from vehicular 
and early pressure loads were not considered in the determination of the 
steam main wall thickness since the entire pipe line would be installed within 
a self-supporting enclosure. 

The matter of providing for expansion and anchorage of the steam main 
presented a special problem. Since the entire line would be buried below 
paved city streets and therefore not readily accessible for either maintenance 
or inspection, reliability was of prime importance. The company’s experi- 
ence with existing underground steam lines operating under similar service 
conditions favored the element or bellows type expansion joint. A company 
specification was written to cover the manufacture of an expansion joint which 
would perform satisfactorily under the conditions stipulated above. A few of 
the important items incorporated in this specification are enumerated below: 


All joints were to be 24" steel pipe size. 


The joints were specified for use in high pressure steam mains operating 
at 400 psig maximum pressure and 500°F maximum temperature. 


The joints were to be either hydraulically formed or of the welded disc 
type. Elements were specified to be stainless steel type 347 or type 321 
and were to be made from formed plate. 


External rings were optional. This stipulation was made to provide a 
broader field of suppliers for this type of equipment. 


The ends of the expansion joints were to be fabricated for welded connec- 
tions. 


Two traverse ranges were specified, a single unit to permit a 5" traverse 
and a double unit to permit a 10" traverse. All joints were to be subjected 
to a hydrostatic test of 600 psig. 


A spacing of 250' for intermediate anchors was established as the maximum 
safe distance to insure against excessive stress in the pipe which might in- 
duce buckling or misalignment. Double expansion joints (10" traverse) were 
located approximately midway between the intermediate anchors. For prac- 
tical purposes anchors were placed at or close to street intersections. This 
permits future connections to the steam main at fixed points. The intermedi- 
ate anchors were of comparatively light construction since they were only 
required to provide sufficient stability to withstand the force necessary to 
compress the expansion joint its full rated movement. This force where 
stainless steel elements were used was computed to be 7000 pounds. Figure 3 
is a view of the expansion joint and intermediate anchor. 


— 


PL 2 
Anchorage 


June, 1957 


It was previously stated that thrust anchors would be required at all main 
line valves and at bends where changes in direction would exceed approxi- 
mately 45°. These anchors would be subjected to thrust loads of approximate- 
ly 300 kips. A considerable amount of study was devoted to this problem. 
Pile foundations were initially considered for these anchors. Investigations 
by Dr. Terzaghi ASCE and Mr. A. E, Cummings ASCE pertaining to the sta- 
bility of pile foundations subjected to lateral thrusts were used as a basis for 
the design of a suitable pile foundation. The area required for a pile founda- 
tion to satisfy this design presented a serious space problem. It can readily 
be appreciated that the construction of pile group foundations in the congested 
city streets through which the steam main was laid would have been a very 
costly operation. In view of this objection the possibility of using a slab foot- 
ing for anchorage was investigated. Considering that the steam main was a 
continuous structure and in practically all instances there were reasonably 
long straight runs on either side of anchor locations, it was decided that slab 
footings would be quite adaptable for this purpose. The design of a slab 
anchor footing was prepared and adopted for the project. The details of this 
footing are shown in Figure 4. The stability of this footing to resist thrust 
depends on frictional resistance to movement of the base of the slab aug- 
mented by keys or toes to develop lateral earth resistance. The structural 
steel WF grillage beams are continuous for the full length of the slab footing. 
A structural steel welded attachment was made between the grillage beams 
and the steam main at anchorage points. Near the north end of the project 
unstable soil resembling quick sand or bulls liver was encountered at sub- 
grade. This soil was not suitable for frictional anchorage resistance. 
Structural steel H piles were driven at the toe locations and these piles were 
welded to the slab grillage members. It can thus be seen that the slab anchor 
could be adopted to most any soil condition. Further the slab anchor offered 
the advantage that it could be constructed entirely within the trench lines for 
the steam main and in addition it would be used at all locations where 
anchorage would be required. 


Insulation 


Mention was previously made of the importance of preventing heat losses 
from the main. This was accomplished by encasing the main for the entire 
length of the run with a thermal insulating covering. Several materials were 
investigated and tested with the idea of finding a material which would serve 
both as an insulator and a protective water-proof coating for the steam pipe. 
While a few materials appeared promising it was decided for reasons stated 
later in this paper that the insulated coated steam pipe should be housed in 

an independent structure. The limited area which was available for the in- 
stallation of the steam main in the City streets made it imperative that the 
insulation occupy the minimum space consistent with thermal efficiency. 

This investigation convinced the Company that its present standard asbestos 
block type insulation for underground steam mains was best suited for this 
particular installation. Accordingly a Company standard Specification 
EO-9004 for Thermal Insulation of Underground Steam mains for temperature 
up to 750°F was issued for this installation. The type of insulation referred 
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to in the specification for this steam main was a fibrous solid type asbestos 
insulation which would conform with Type IV of Federal Specification 
HH-1-561C “Insulation, Thermal Asbestos, Block and Pipe Covering (for 
temperatures up to 750°F).” The insulation was applied to the pipe in full 
round sections of single thickness 4" in depth. Full round sections were 
used where ever possible. Matched half round sections were used only when 
required. Block insulation was used for fittings, valves, expansion joints, 
etc. 


Prefabricated Construction 


It was previously stated that the insulated coated steam pipe would be 
housed in an independent structure. This housing or casing structure was 
intended to function as follows. First it would provide protection for the in- 
sulated coated steam pipe against the effects of heavy street traffic loads, 
open excavations, washouts, etc. Second it would permit the traverse of the 
steam main to take place without abrasive damage to the insulation. Third it 
would provide water-proof construction which is necessary for the efficiency 
of the insulation. In addition to the above there was the further stipulation 
that the housing or casing structure be a prefabricated unit containing the 
assembled steam pipe with its insulated coating and ready for immediate 
placement in the trench upon arrival at the job site. This arrangement 
minimized as much as possible disruption of vehicular traffic and incon- 
venience to the general public. This is a most important consideration where 
the work must be carried on in congested city streets. 

Several designs of prefabricated sectionalized steam main structures were 
developed and their economic and construction features compared. Two of 
these designs were adopted for the project and detail drawings were prepared 
for their fabrication and installation. Both designs had the following features 
in common. They could be built and handled in 40 ft. lengths and they included 
a self supporting enclosure shell to encompass the insulated coated steam 
pipe. The enclosure shells were designed to carry the following loadings: 


a) A live load consisting of a 20,800 lb. vehicular wheel load applied at 
the street surface. This load intensity was derived from the American 
Association of State Highway Officials H-20 loading augmented by an 
impact factor of 30%. 

Effects of earth pressures and superimposed static loads, weight of 
earth cover, subsurface structures, etc., for trench depths ranging from 
5 ft. to 11 ft. Based on the above load intensities wall stresses in the 
enclosure shells were determined employing the theory developed by 
Dean Anson Marston Hon. M. ASCE and Professor M. G. Spangler, 

M. ASCE for evaluating the supporting strength of underground conduits. 
A limiting stress which would result from a vertical deformation of one 
inch on a right section of the shell enclosure was used to determine the 
shell wall thickness. Flexure or beam stresses which might result from 
bending along the longitudinal axis were also investigated since the pre- 
fabricated steel sections of the composite steam main structure would 
be made up in 40 ft. sections and handled in these lengths. 


Figure 5 shows a typical 40 ft completed section of the prefabricated 24"' 
steam main with 36" x 1/2" steel pipe shell construction. The completed 
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section weighs approximately 7 tons. It may be seen from the figure that the 
steam pipe is supported within the circular pipe shell enclosure on cast iron 
roller supports and is independent of and free to move within the enclosure. 
With the exception of a few special joints which will be discussed under cor- 
rosion protection all joints on the steam pipe were welded. The preparation 
of the pipe ends and the welding was specified to conform with the Company’s 
standard welding specification. All welded joints on the 24"' steam main were 
subject to radiographic examination using X-ray method and qualified in ac- 
cordance with a standard Company procedure. Longitudinal expansion of the 
steel shell enclosure was provided for by the installation of a compression 
type mechanical couplings. These coupling joints were spaced at 125 ft. in- 
tervals. “Dresser” couplings were used for this purpose on this installation. 
Intermediate joints were of the weld over sleeve type. Figure 8 shows the 
methods used in jointing the steam pipe and the shell enclosures. 

The alternate prefabricated design which was used on the project is shown 
in Figure 6. This design was similar to the design described in the previous 
paragraph with the exception of the enclosure shell. In this design the shell 
consisted of a 36" I.D. corrugated #16 gauge metal culvert, with an exterior 
coating of concrete 4" thick. A 40 ft. completed section conforming with this 
design weighed approximately 14 tons. An interesting feature of this design 
was the use of prestress longitudinal reinforcement in the concrete coating. 
This idea was proposed by the manufacturer of the concrete coated pre- 
fabricated sections as a means of stiffening these 40 foot sections to prevent 
cracking of the concrete coating during handling and installation. 

The joints for the steam pipe in this design were weided similar to the 
previously described design for the steel shell construction. The joints for 
the concrete coated corrugated pipe shell consisted of a special field poured 
concrete sleeve. Circular rubber gaskets at the ends of the concrete coating 
and shielding material around the protruding ends of the corrugated metal 
pipe prevented bonding with the field poured concrete sleeve and permitted 
free longitudinal expansion movement of the concrete coated corrugated 
metal shell. 

It was planned to use prefabricated construction for the major portion of 
the installation. The steel shell type of construction was intended for use at 
the north and south ends of the project where it was expected tide water would 
be encountered. The concrete coated corrugated metal pipe type of enclosure 
was laid out for the intermediate high ground areas. It was anticipated in the 
planning of the route for the steam main that there would be locations particu- 
larly at street intersections where the installation of the prefabricated sec- 
tions would not be practical. The layout for the steam main at these locations 
called for short sections of pipe, bends, offsets, etc., in order to pass beneath 
or over the numerous other subsurface structures in its path. It was neces- 
sary where this type of construction was required to enclose the main in a 
field poured concrete box type structure. The design for this type of en- 
closure was prepared to conform with conventional reinforced concrete de- 
sign practice for rectangular or square cross section culverts. Figure 7 is 
a typical detail of the field fabrication and box type concrete enclosure. 


Manhole and Chambers 


Along the line of the steam main there were 7 main valves approximately 
2,000 ft. apart. Each of these main valves was housed in an underground 
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manhole. These valve manholes were built on an anchored base. Wherever 
possible precast concrete construction was used for these manholes. The 
present concrete manhole design used for the valve manholes was developed 
by the Company several years ago for use on its electrical distribution sys- 
tem. The design provides for 3 component units which upon assembly make 
up a complete reinforced concrete manhole. These units are, a roof slab, 
floor slab and a continuous four wall cell. The cell was designed in accord- 
ance with the principles of continuity or fixed end moments. These cells are 
capable of withstanding lateral earth pressures and H-20 highway loads with- 
out support from either the roof or floor slabs. Figure 9 shows the details of 
a precast concrete valve manhole. In addition to the valve manholes, trap 
manholes were installed at all low points along the steam main. Condensate 
from the steam pipe was collected in these trap manholes and by means of 
special equipment was either drained or pumped to a sewer depending upon 
the relationship of the flow line of the sewer to the depth of the trap. Figure 
10 shows the method of collecting the condensate and drain to sewer. There 
were 13 of these chambers along the line of the steam main. At 11 locations 
where the flow line of the steam main was below the sewer flow line it was 
necessary to install an additional manhole to house pumping equipment to 
eject the condensate to the cooling chamber and thence to the sewer. 


Cathodic Protection 


It is the practice of the Company to provide cathodic protection for all 
steel pipe lines laid in soils where corrosion trouble is anticipated. Exten- 
sive soil surveys and records of corrosion experience with its existing facili- 
ties have made it possible for the Company to predict quite accurately the 
necessity for cathodic protection at any location within its territory. The 
section of the city through which this steam main was to be laid was an area 
where cathodic protection would be required. The Company’s standard for 
cathodic protection for steel gas mains specify an bitumastic enamel coating 
and wrapping process. In the case of the steam main cathodic protection was 
specified for the steel shell casing pipe and all steel encased couplings ex- 
pansion joints, etc., where they would come in contact with the earth or back- 
fill. A special specification was prepared for the high pressure steam main 
installation. This specification designated as specification EO-9005 while 
providing for the standard method of coating and wrapping was modified to 
include coating materials which would withstand the higher pipe surface tem- 
peratures than ordinarily encountered in gas mains. As a further means of 
protection the 24" steam pipe through long runs of the steel shell casing was 
isolated electrically by the insertion of flanged insulating joints at approxi- 
mately 3000 ft. intervals. Flanged insulating joints were also inserted in the 
24" steam pipe where sections of the prefabricated steel shell casing joined 
with sections of the prefabricated concrete covered corrugated metal pipe 
casing. Magnesium anodes were installed where specified on the layout 
drawings usually at manholes or anchor locations where structural steel 
members might come in direct contact with the earth. 


Inspection and Tests 


In general the inspection of all construction in connection with the installa- 
tion of the 24" high pressure steam main was made by personnel of the 
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Company’s Outside Plant Construction Department. Mill inspection of the 
pipe, expansion joints, valves and special fittings was conducted by both a 
nationally recognized inspection service retained by the Company and the 
Company’s purchasing department inspection organization. All welded joints 
on the 24" steam pipe were examined by X-ray method. An industrial radi- 
ographic inspection company which specializes in this service was retained 
by the Company for this purpose. 

The testing of materials where required in the job specification EO-9003 
was done by the Company’s test bureau. These tests included electrical tests 
of the pipe coating in connection with cathodic protection, testing of concrete 
cylinders, testing of welder’s qualification specimens, etc. All tests with the 
exception of tests made on the site were done in the Company’s testing labora- 
tory. Prior to being placed in operation the entire line was subjected to a 
steam pressure test equivalent to the maximum operating pressure of 400 
psig. The test pressure was held until a complete survey of the line had been 
made to check for leaks, operation of the expansion joints, stability of 
anchorages and to insure the proper operation of all appurtenances. 


Construction 


Two general contracts with separate contractors were let on a unit price 
basis for the trenching, installation of the steam main and field poured con- 
crete work. The welded jointing of the 24" steam pipe was sublet by both of 
the general contractors to a specialized pipe line welding company approved 
by the Company. All welders used on the work were qualified in accordance 
with the Company’s procedure for the qualification of welders. All pipe ma- 
terials, valves, expansion joints, forged fittings, etc., were purchased by the 
Company and delivered to the construction contractors at the job site. Sep- 
arate contracts were placed by the company for the assembly and delivery to 
the job site of the prefabricated steam main sections. 

The work was carried on in three sections and executed in a manner to 
cause the least inconvenience to the general public as possible. Considering 
the narrow downtown Manhattan streets and the confined working areas with 
little or no space for the storage of materials, this was a formidable task in 
itself. 

Some trouble was experienced at both the north and south ends of the job 
with poor soil conditions. A large part of this area was reclaimed land and 
every conceivable type of material had been used as fill overthe years. The 
elevation of the surface terrain was quite low and the subgrade of the steam 
main trench was at or below tide water level for long stretches. Modification 
of the grade of the flow line of the steam main to avoid these low areas was 
not always possible since the proper pitch of the main for drainage had to be 
considered and in addition raising the main introduced serious complications 
with other subsurface structures. Some attempt was made to consolidate and 
drain the trench but here again the lack of working space presented difficul- 
ties. Dependence was placed on tight sheathing and constant pumping. A 
reasonably dry trench was a necessity to insure water tightness of the joints 
and avoidance of seepage into the thermal insulation around the steam pipe. 
In the vicinity of 10th to 12th Streets near the north end of the project a fine 
water suspended silt condition was encountered and presented quite a problem 
for anchorage construction. It was at this location that the steel pile anchors 
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previously mentioned in the section on anchorage were used. The piles were 
driven to 30 and 40 ft. depths below subgrade where a firm bearing stratum 
was encountered. 

By far however the most costly and difficult problems was interference 
with other subsurface structures. While many of these interferences were 
anticipated and provided for on the layout and construction drawings, others 
because of the lack of records or the inaccuracy of the records available 
were encountered during the construction operations. The Company’s outside 
plant construction department realizing these probable interference problems 
started the work at street intersections as one of the first operations. It was 
at such locations where most of the rebuilding of existing subsurface struc- 
tures to clear the route for the steam main would be expected. This work in- 
volved considerable relaying of existing water and gas mains, underground 
electric and telephone lines, modification of sewers, etc., all expensive and 
time consuming operations. 

The construction of the 24"’ high pressure steam main was under the di- 
rect supervision of the Company’s outside plant construction department. 
Experienced construction supervisory personnel of this department were as- 
signed to the work at all times and supervised all of the contractor’s and 
sub-contractor’s operations. Representatives of the Company’s engineering 
department were also assigned directly to the construction work and were 
available for consultation and field engineering work. All survey work of 
providing the contractor with lines and grades, obtaining accurate as con- 
structed locations of the main as laid and the location of its important appur- 
tenances was done by the Company’s survey section. 

Construction for the 24" high pressure steam main was started in March 


of 1955 and completed in May 1956. The total cost of the installation was ap- 
proximately $3,000,000 or on a unit basis the cost was about $244. per 
linear foot of main. 


A summary of the principal items of construction were as follows: 


Length of steam main with steel shell casing . . - 5,000 Ft. 
Length of steam main with concrete casing 
Number of Expansion Joints .......... 
Number of Valve Manholes .......... 
Number of Drain Manholes .......... 
Number of Pump Manholes .......... 


As of the date of this paper the main is in full operation and delivering 
steam to the areas required. 
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UNDER NEW YORK CITY STREETS 
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SECONDARY STRESSES IN LARGE-DIAMETER PIPELINES! 


G. M. McClure2 
(Proc. Paper 1280) 


ABSTRACT 


There are a number of sources of secondary stresses in line pipe during 
shipment of the pipe and during construction and operation of a line. Pre- 
dominant secondary stresses are discussed, and some examples of their 
magnitudes given. Stresses and localized points are the most significant. 
To eliminate detrimental stresses of this type, a high test pressure after 
construction is considered important. 


During the past decade, the state of knowledge of pipeline design has ad- 
vanced significantly. Along with this advancement, there has developed an 
increasing interest in some of the “secondary” loads and resulting stresses 
that can exist in a line. 

It is the purpose of this paper to discuss some of the more predominant 
sources of secondary stresses in pipelines, to give some examples of the 
magnitudes of these stresses, and, further, to discuss their significance and 
how they may be eliminated or taken into account in the design and operation 
of a line. The discussions will not include compressor stations or regulator 
and metering stations. 

Let a secondary stress be defined as any stress in the line other than the 
nominal values produced by internal pressure. This is a broader definition 
than usually used since it does not restrict the extent of the stress. Stresses 
at very localized points are included, in addition to stresses acting over large 
areas. 

A convenient way to define the extent of a stress was suggested by Kuhn(1) 
in a paper given in January, 1956, at the International Conference on Fatigue 
in Aircraft Structures. His classification was specifically applied to aircraft 


Note: Discussion open until November 1, 1957. Paper 1280 is part of the copyrighted 


Journal of the Pipelines Division of the American Society of Civil Engineers, Vol. 
83, No. PL 2, June, 1957. 


1, Presented at the Convention of the American Society of Civil Engineers, 
Pipelines Division, Jackson, Miss., February 18, 1957. 


2. Asst. Chief, Applied Mechanics Div., Battelle Memorial Inst., Columbus, 
Ohio. 
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structures; however, it offers a very convenient method for defining the prob- 
lem of secondary stresses in pipelines. He defined four types of stresses ac- 
cording to the length over which the stress acts. The four types are called: 
“fathom” stresses, “foot” stresses, “inch” stresses, and “millimeter” 
stresses. 

Fathom stresses are essentially constant for a length of about six feet and 
can ordinarily be calculated with good accuracy from ordinary engineering 
formulas. (This is not always possible in a pipeline or other buried structure, 
however, because the loads and restraints are not always known, especially 
when soil loads are involved.) The fathom was chosen because it is the only 
unit falling in the desired range. Foot stresses exist over lengths on the 
order of a foot and can also be calculated in most cases by known but slightly 
more refined engineering formulas. Inch stresses such as occur in a gener- 
ous fillet must usually either be estimated or measured. Millimeter stresses 
are those which exist, for example, at the root of a sharp notch or around a 
small rivet hole, and can only be estimated since they cannot be measured by 
ordinary methods. In what follows, this rather unique method of classifying 
stresses will be used in considering the relative importance of secondary 
stresses in pipelines and in pointing out how such stresses can be taken into 
account in the design and operation of a line. 


Sources of Secondary Stress 


Let us now review some of the more prominent sources of secondary 
stresses in pipelines starting with the time that the pipe leaves the mill. 


Shipping 


One possible source of rather high stresses that is sometimes overlooked 
can occur during shipment of the pipe from the mill to the job site. Let us 
assume we are dealing with a case of rail shipment where the pipe is stacked 
several layers high on a railroad car—the height of the stack depending on 
the pipe diameter. Normally, the stack is set on cribbing layed across the 
floor of the car—2 inch x 6 inch or 2 inch x 8-inch lumber is commonly used. 
If the spacing between the cribbing is too large, quite high local stresses can 
occur in the pipe wall adjacent to the cribbing. 

Figure 1 shows stresses that can occur in 30-inch-diameter pipe of vari- 
ous wall thicknesses for various cribbing spacings. The assumed method of 
stacking is indicated in the figure. The stresses are localized bending 
stresses in the wall of the bottom layer of pipe just above the cribbing; they 
were calculated by a method suggested by Roark, (2) They are static stresses 
and can be classed as inch stresses, as defined above.3 

During shipment, a certain amount of bouncing of the car occurs and ac- 
celerations of 3 g are possible. Thus, alternating stresses on the order of 
three times those indicated in Figure 1 are possible and the space between 
the cribbing on the bottom should be picked to keep these stresses well below 
the endurance limit of the steel. 


3. In calculating the stresses in Figure 1, it was necessary to assume the 
area of contact between the pipe wall and the cribbing. The exact area 
would vary appreciably with the type of wood used for the cribbing. For 
this reason, the stresses shown should be considered approximate. 
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This is a rather straightforward case of secondary stresses, but is men- 
tioned here because, in at least one instance in the past, it is known that 
fatigue cracks (which later caused leaks during test) developed in the pipe 
wall in shipment. 


Construction 


During construction, a number of things can happen which produce high 
secondary stresses. Some of these introduce the stress immediately, some 
produce irregularities which might later lead to high secondary stresses 
when pressure is introduced in the line, and some involve a combination of 
both. 

Of course, the practice of welding the line together above ground on skids 
and then lowering it intact into the ditch leads to longitudinal bending stresses 
that can vary quite widely. These are a function of the weight of the pipe, the 
load applied by the backfill, and the accuracy with which the contour of the 
bottom of the ditch matches the “unstressed” contour of the pipe. 

One example of this type of secondary stress was obtained in some strain- 
gage measurements made by Battelle engineers several years ago during the 
construction of a 30-inch line. Bonded-wire strain gages were applied to the 
line at two locations about 85 feet apart while the line was still above ground 
on skids. Figure 2 shows the strain-gage locations. One ring of gages was 
applied on straight pipe and the other in a 6-degree sag bend. By comparison 
of readings of the gages before and after the line was lowered into the ditch 
and backfilled, it was possible to determine the “residual” longitudinal 
stresses in the line as installed in the ditch. Figure 3 shows the longitudinal 
stresses left in the line after it had been backfilled. It can be seen that some 
bending existed at both gage locations—relatively little in the straight pipe 
and appreciable in the sag. This example illustrates that, even with careful 
attention to field bends to make the line conform to the bottom of the ditch, 
appreciable longitudinal stresses can be produced. Such stresses would be 
classed as fathom stresses. 

Several other possible sources of high secondary stresses originate during 
construction. One is deformation of the pipe out-of-round such as might 
occur during handling or in field bends. An example of this is shown later. 

Two of the most troublesome sources during construction are the inad- 
vertent production of dents in the pipe wall and the occurrence of cracks in 
girth welds—from which inch and millimeter stresses, respectively, are pro- 
duced. Both of these are sometimes hard to detect during inspection. Their 
significance is also discussed later. 


Operation 


In reviewing the secondary stresses during the operational life of a line, it 
is convenient to classify the stresses that can occur according to the primary 
load that produces the stress. High stresses result from the action of three 


basic loads during operation—internal pressure, temperature change, and ex- 
ternal loads on the line. 


Internal Pressure Loads 

By virtue of the definition chosen for secondary stresses, internal pres- 
sure can produce high secondary stresses only in the presence of some sort 
of irregularity in the pipe. For example, when the pipe is out-of-round, the 
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internal pressure tends to make it become round and, in doing so, produces 
bending stresses in the wall which are tension in some locations and com- 
pression in others. These can normally be classified as foot stresses. 
Localized out-of-roundness such as dents in the wall can produce very high 
bending stresses, usually of the inch type. 

At branch connections or other fittings where the cylindrical symmetry of 
the pipe is interrupted, localized bending stresses can also exist. These are 
usually of the inch or millimeter type. 

Probably the highest secondary stress produced by the action of internal 
pressure is in defects such as weld cracks. In these cases, only a very small 
volume of metal is affected and these can be classed as millimeter stresses. 

Examples of the magnitudes of some of the secondary stresses resulting 
from internal pressure are available from experimental work that has been 
done in the past. 

One example is from the results of the strain-gage measurements made at 
the sag bend shown in Figure 2. It was found that the pipe was out-of-round 
in this bend and stresses above the yield occurred when internal pressure 
was introduced during the hydrostatic test after construction. Figure 4 shows 
the stresses determined at two pressures from the strain-gage readings taken 
during the test. The approximate cross section, determined from diameter 
measurements before the test is shown in the center of the plot. Comparison 
of the cross section and the stress curves furnishes an explanation for the 
high stresses that occurred at the bottom and sides of the pipe. At these lo- 
cations the pipe wall had been somewhat flattened (that is, the radius of curva- 
ture was greater than 15 inches) and internal pressure tended to make the 
wall assume a radius of 15 inches again, thus producing high tension stresses 
on the outer surface where the strain gages were placed. 

Quite a number of investigations have been carried out to determine 
stresses in reinforced branch connections. One extensive project was com- 
pleted at Battelle last year for the American Gas Association; the results of 
this investigation will soon appear in an A.G.A. research report. In this work, 
three different sizes of branch connections and three different types of rein- 
forcements (pad, the saddle, and the full-encirclement sleeve) were investi- 
gated under internal pressure and two different external bending loads applied 
to the branch pipe. The results of the investigation are too extensive to 
describe here; however, it was found that with the type of reinforcements that 
would be fabricated in the field (as opposed to forged tees), stresses on the 
order of the yield strength of the pipe can occur at operating pressures. 


Temperature Changes 

Changes in temperature during the life of the line, of course, produce vary- 
ing longitudinal stresses. In long, straight sections of buried line these can be 
easily predicted since the line can be assumed to be completely restrained in 
the longitudinal direction. 

At sharp changes in direction or around branch connections the pipe is not 
completely restrained by the soil and high bending stresses can result from 
temperature changes of the line. Usually these stresses cannot be accurately 
calculated because the restraints on the pipe from the soil are not accurately 
known. 

Measurements of the long-time variations in longitudinal stress that result 
from temperature changes are not easily made. This is because the changes 
take place over a fairly long period of time and it is very hard to maintain 
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stability in a sensitive strain-measuring device over a period of time. 
Progress is being made along these lines, however, and quite a few operating 
companies are now undertaking experimental programs to determine stresses 


at critical points in their lines. The results should be available within a year 
or so. 


External Loads 


Some of the more prominent external loads that can produce secondary 
stresses in a pipeline include the weight of the backfill, traffic loads at un- 
cased road crossings, and any earth movement or settlement that occurs. 

The backfill loads and traffic loads tend to deform the pipe to an elliptical 
shape and thus produce bending stresses in the wall. 

Manning and Lodge at Battelle performed some experiments several years 
ago on buried 20-inch-diameter by 1/4-inch wall pipe to determine the initial 
backfill stresses and also how they might vary over a period of time.(3) With 
internal pressure in the pipe of 900 psi, the initial backfill stresses were 
found to be on the order of 1000 psi. Over a year’s time, however, as the 
backfill settled, the bending stresses produced by the backfill were found to 
increase and the maximum variation observed was on the order of 1900 psi— 
about 6 per cent of the nominal pressure stress. 

Professor ge at Iowa State made an analysis of backfill loads and 
traffic loads.(4) He showed, for example, that in a 30-inch-diameter x 3/8- 
inch wall pipe with 3 feet of backfill and 800 psi internal pressure, the initial 
backfill loads can be as high as 9 per cent of the nominal design hoop stress 
and the combination of backfill and truck loads might reach values as much 
as 20 per cent above nominal design stress. 


Stresses resulting from these two external loads can be classed as fathom 
or foot stresses. 


Designing for Secondary Stresses 


After discussing some of the sources of secondary stresses in pipelines, 
the logical question is “What do we do to take these into account in the design 
and operation of a line?” As evidenced by the successful operation of many 
thousands of miles of lines built in the last 10 years, the pipeline industry 
now has good methods of doing this. As previously noted, however, the prob- 
lem of how to treat secondary stresses is a complicated one and very few 
engineers are willing to state that they know enough about the subject. Con- 
tinuing effort is needed to define these stresses even more accurately. 

In attempting to answer the question above, it would be well to point out the 
significance of the secondary stresses that have been discussed. 

Experience has shown that nearly all leaks or failures in lines originate in 
some type of stress concentration—where stresses of the inch or millimeter 
type exist. The more gross foot and fathom stresses have often played a part 
also. A lot of leaks that occur, do so (after a number of years of operation) 
at a pressure lower than some previous pressure to which the pipe was sub- 
jected. One explanation for this is that in the area of the inch or millimeter 
stress at the leak, a foot or fathom stress appeared or increased during op- 
eration. As previously pointed out, secondary stresses from temperature 
changes and backfill or traffic loads can vary quite widely with time. If they 
happen to reach an especially high value in an area where an inch or milli- 
meter stress already exists, the total combined stress there might be higher 
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than existed during the original test of the line, and an apparently unexplain- 
able leak could occur.4 

Thus, experience has indicated that localized stresses (especially the mil- 
limeter type) are of primary significance, and that the fathom stresses, act- 
ing over a large area are not detrimental, if acting alone. The basic reasons 
for this behavior can be explained by the different states of stress that exist 
in the two cases. To illustrate this point, consider two tensile specimens of 
a medium carbon steel—one unnotched and one containing a sharp notch. The 
ductility exhibited by each is a function of the relative magnitudes of the 
normal stresses and the shear stresses in the specimen. The unnotched 
specimen, of course, represents a uniaxial stress case—that is, the maximum 
tensile stress exists in one direction only and there is a maximum shear 
stress equal to one-half of the tensile stress. The ratio of the maximum 
normal stress to the maximum shear stress is relatively low. This specimen 
remains quite ductile, even when tested to temperatures as low as -100 F, 
and finally fails by a shear fracture.(5) 

In the notched specimen, however, the sharp notch drastically alters the 
state of stress in a small volume of metal at the base of the notch. A state 
of triaxial stress exists there with tension stresses in all three directions. 
This raises the ratio of maximum normal stress to maximum shear stress 
and decreases the ductility of the material at that point. The notched speci- 
men when tested below temperatures in the range of 20-30 F might exhibit 
very little ductility and fail by cleavage(5) (the temperature here depends on 
many factors, including the chemical composition and previous stress history). 

Referring again to secondary stresses in pipelines—the foot and fathom 
stresses can be likened to the unnotched tensile specimen. The state of 
stress is such that the pipe material has the ability to yield and in doing so, 
either relieve or accept the load producing the stress without failure. The 
millimeter stresses might represent the notched tensile specimen with a 
higher stress ratio and less inherent ductility. 

Of course, the obvious method of insuring a successful pipeline is to elim- 
inate the inch and millimeter stresses and minimize the foot and fathom 
secondary stresses. (The latter cannot be completely eliminated since some 
are produced by loads that vary throughout the life of a line.) Careful design 
is, of course, the first step—where the best available materials and methods 
can be prescribed in order that potential sources of high secondary stresses 
are not built into a line. Design methods have improved greatly in the past 
decade, and as pointed out previously, work is going on in the industry to 
gain more information on some of the stresses not yet completely defined. 

Good construction practices and close inspection during construction are 
also very important. Here again there has been a lot of advancement in 
recent years with the manufacture of improved heavy equipment, and the de- 
velopment of improved welding techniques, X-ray, and other inspection 
methods. 

All of these improvements in design and construction have gone a long way 
toward eliminating potential sources of high secondary stresses. The proof 
of the pudding, so to speak, is the test after construction. This test is im- 
portant in two main respects. First, it serves as a test of the tightness of 
the line, and any leaks that exist can be found and repaired. Second, it pro- 
vides a means of detecting and removing any sources of high secondary 


4. It is assumed here that corrosion is not a factor. 
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stresses that were missed during inspection or introduced after inspection. 
To do this effectively, the test must subject the line to stress levels higher 
than will occur later during operation in order to account for the secondary 
stresses produced by temperature and external loads which vary during the 
life of a line. Since we do not have accurate data on the range over which 
these stresses vary, the best assurance that all of the detrimental inch and 
millimeter stresses are detected is to use as high a test pressure as is 
feasible. Testing to pressures producing a nominal circumferential stress 
equal to the minimum specified yield strength of the pipe, or above, is con- 
sidered by the author to be desirable (if practical in the field operations). In 
doing so, the line is “proved” to a maximum possible per cent above the op- 
erating stresses. Such practice would undoubtedly produce yielding at some 
locations in the line. Yielding is not considered serious, however, except at 
points where the pipe material has low ductility—such as the millimeter 
stress points discussed above. Any of these points that are severe will show 
up as leaks during the test and the pipe containing them can then be replaced 
before the line is put in operation. 


CONCLUDING REMARKS 


To summarize, the following observations and conclusions have been dis- 
cussed: 


(1) Secondary stresses are produced by three basic loads; external forces 
on the line, temperature changes, and the effect of internal pressure at 
irregularities. (Corrosion is another possible factor—assumed for 
the discussions here to be nonexistent, however.) 

(2) In general, secondary stresses produced by temperature changes and 
external loads are more variable throughout the life of a line than those 
produced by internal pressure. 

(3) The localized stresses that exist over lengths of an inch or less are of 
primary concern in a pipeline (and in other structures) since experi- 
ence has shown that all leaks or failures are originated at such points. 

(4) The secondary stresses that exist over lengths on the order of a foot 
or greater are apparently not detrimental unless a localized stress is 
also present. Under such a ‘large-area” stress, the pipe material can 
yield and in many cases relieve the secondary stress. This is not true 
at a localized stress raiser where the material’s ability to yield may 
be limited. 

(5) A high test pressure is considered important to insure that none of the 

localized stresses exist in the line when operation begins. 
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SYNOPSIS 


Breaks in pipelines at river crossings were quite common up until a very 
few years ago. The steadily increasing sizes, pressures, lengths, and invest- 
ments in pipelines have made it mandatory that the river crossings be con- 
structed on a more permanent basis. For this reason pipeline river cross- 
ings are now receiving about the same degree of care in investigation, design, 
and construction as is given to railroad and highway crossings. 

Pipeline river crossings are sometimes made by bridges, but underwater 
crossings are by far the most common largely because of lower first cost and 
maintenance. 

In the design of underwater crossings the primary considerations peculiar 
to the problem are the counterbalancing of buoyancy, protection from external 
damage, and provision of strength to resist structural failure. The type of 
river and its geological, hydrological, and historical characteristics must be 
taken into account in the selection of the site, the design of the crossing, and 
the determination of the best working season. The design of a bridge involves 
somewhat the same investigations as the design of an underwater crossing 
plus certain additional considerations due to its exposure. 

The specifications and testing required should be complete enough to 
guarantee that the crossing will be adequate and capable of serving its func- 
tion for the contemplated life of the project. However, the methods and de- 
tails of construction should be largely left to the discretion of the contractor. 
Construction methods and equipment are constantly changing as the problems 
involved become better understood and new ideas develop. Over-zealousness 
by engineers in specifying how the job shall be done could result in the block- 
ing of one of the greatest sources of progress in pipelining, i.e., the ingenuity 
of the contractors. 


Note: Discussion open until November 1, 1947. Paper 1281 is part of the copyrighted 
Journal of the Pipelines Division of the American Society of Civil Engineers, Vol. 
83, No. PL 2, June, 1957. 
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The design and construction of the crossing of a river for a large cross- 
country pipeline requires the ultimate in care and study. All large lines are 
normally flowing very near full capacity and the total disruption of service 
can seldom be avoided when a break occurs. The revenue of these lines alone 
is counted in thousands of dollars per hour and the disruption of service may 
also cause the additional loss of much greater sums because of shutdowns of 
factories. A break in the land portion of the line, while it results in consider- 
able loss, can usually be repaired within a few hours, but a break in a river 
crossing usually occurs when the river is at a high stage and working condi- 
tions are very difficult and the line may be out of service for days or even 
weeks. 

The first pipelines were small and flexible. The danger of disruption of 
such lines by river action was not great, nor was the monetary value of the 
service nearly so important as is the case with the modern big pipeline. 

When breaks occurred, service could be quickly restored by pulling another 
relatively inexpensive line across the river. The earlier large lines were 
constructed with about the same attitude as to the importance of the river 
crossings with the result that many breaks occurred. At the present time, 
however, in most cases the rivers are receiving a great deal of attention and 
no breaks in river crossings of large lines have come to the attention of the 
author within the last several years. 

Pipelines carrying gas, crude oil and petroleum products under high 
pressures are built of welded steel pipe and this type of pipeline is the one 
specifically referred to in this paper. The problems involved in stream 
crossings of lower pressure water lines, which are usually built of cast iron 
pipe, are similar to a degree but have special facets of their own. 

Pipeline work has, in all of its many phases, similarities to work in other 
fields. However, in each phase problems are inevitably encountered which 
require application of principles in a manner peculiar to pipelining. The best 
solution of these problems requires familiarity with pipeline construction as 
well as thorough grounding in the general problem involved. The crossing of 
rivers by pipelines is no exception to this rule. The problems presented are 
similar in many respects to those involved in the river crossings of other 
types of land transportation. Nevertheless, in a good many respects the de- 
sign of a pipeline crossing is unique. The author has attenpted to avoid 
repetitive statement of the principles and considerations which govern river 
crossings in general, and to confine the scope insofar as practicable to their 
special applications in pipeline work. However, the successful crossing of a 
river requires thorough study of the way rivers behave and why, and particu- 
larly how the river in question acts and will act in the future. It is, therefore, 
felt necessary to go into the fundamentals of river engineering at some length. 


Characteristics of Rivers 


The word “river” covers a large variety of streams and their characteris- 
tics vary widely. Very few general statements can be made that would be ap- 
plicable to all rivers. Each river must, therefore, be considered as a sepa- 
rate problem. Some rivers have rocky beds; some are subject to sudden 
severe floods; some meander in silty plains; some have acid or alkaline 
water; depths may vary from 2 or 3 feet to 200 feet, and widths from 200 or 
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300 feet to over a mile. A study of the hydrology is necessary for the deter- 
mination of rainfall, run-off and stream flow. The geology of the watershed 
and of the river reveals significant data concerning erosion and future action. 
Hydraulics, soil mechanics, and potamology are important fields of investiga- 
tion in the solution of river problems. Of most use in the understanding of 
present regimen and the prediction of the future river activity are the gauge 
records and maps of previous, as well as up-to-date, surveys and previous 
and up-to-date cross sections and profiles for considerable distances up and 
downstream from the site under consideration. 


Types of Crossings 


There are basically two types of crossings; viz., bridges and underwater 
crossings. Bridges are used comparatively seldom in comparison with the 
other types. A great deal of study has been devoted to the design of bridges 
for pipelines so as to minimize the size of members and the cost of the piers. 
Nevertheless they are generally much more expensive, are more costly to 
maintain than properly built underwater lines, and are liable to damage from 
high winds and flying objects. They are also fully as vulnerable to damage 
from caving banks as underwater lines. Their economical use would there- 
fore seem to be confined to deep gorges with stable banks. A good example of 
a pipeline bridge is shown on Fig. 1. 

In the construction of underwater crossings several ideas about the proper 
layout have been followed. Crossings are sometimes made by laying the 
pipes across the river on top of the bed and banks but more frequently by en- 
trenching them into the bed and banks to give them protection. When the lines 
are laid on the bottom without entrenchment, they are usually heavily weighted 
and the crossing is made by use of a number of small lines which are con- 
nected to the land line through headers. Formerly, it was commonly accepted 
practice to lay all lines with bows either upstream or downstream between 
banks. Pipes laid in this manner were sometimes placed in trenches and 
sometimes on the bottom without entrenchment. One company has used mul- 
tiple small pipe laid in “sinusoidal” curves across the bottom of the 
Mississippi River at its crossings of that stream. 

The advantages claimed for curves in the plan of the crossing seem to be 
questionable but there is no doubt as to the advantage of the greater flexibility 
of small pipe in conforming to bed changes provided extra length is available; 
to the fact that a number of smaller pipe in a crossing make complete loss of 
service by rupture of the pipe less likely; and that a cheaper crossing can be 
constructed without entrenchment. The crossing of the Mississippi River 
near Natchez by Interstate Natural Gas Corporation consisting of seven 10- 
inch lines was constructed in 1926 and only one line has been lost. It was 
broken by the dragging anchor of an LST boat in 1944. These lines are very 
heavily weighted. The river at this location is considered unusually stable; 
nevertheless, it has been found necessary to keep a constant watch on the 
crossing and to “feed” a good many feet of pipe into the river on each line to 
prevent breaks due to bed and bank changes even though they have been com- 
paratively small. 

The crossing of a river by straight continuation of the land line pipe with- 
out decrease in size provides obvious advantages although it is usually some- 
what more expensive in first cost. In a river of the type and size of the 
Mississippi such a crossing must be entrenched below probable scour lines in 
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the bed and into the banks a sufficient distance to provide against exposure by 
caving during the economic life of the project. In large, important crossings 
an auxiliary line of the same size as the main line is always provided as an 
insurance factor. One of the main advantages of using pipe of main-line size 
in the crossing is that scrapers can be carried through the lines without the 
necessity of having traps at each side of the crossing. When the design of 
such a crossing is based on adequate investigation and careful consideration 
of the factors involved, it is fully as safe as any other type. 

In making all river crossings it is of primary importance to locate them in 
a part of the river that is as stable as possible. The Mississippi River is 
notable for its meandering tendencies and stable reaches are the exception. 
One such is found in the vicinity of the Greenville Bridge. This reach of the 
river has therefore become a veritable “pipeline alley,” as can be appreci- 
ated from Fig. 2. Here can be seen pipes laid straight across the river as 
well as pipes bowed both up and downstream. Tennessee Gas Transmission 
Corporation has several pipes on the bridge itself, which was bought for the 
purpose, it having been found cheaper to buy the existing toll highway bridge 
and make it free to highway traffic than to build a new bridge for pipelines 
only. 


Selection of the Site 


Rivers not only differ among themselves but the characteristics of the 
same river vary greatly from place to place along its length. While it is con- 
ceivably possible to construct a durable river crossing at any given location, 
from a practical standpoint it is necessary to exercise great care in the 
selectior of the site for the crossing in order to be able to build it within the 
limits of available time and for a reasonable amount of money. The overall 
alignment of the pipeline must, of course, be taken into consideration in the 
selection of the site, but when rivers the size and character of the 
Mississippi are to be crossed, large changes in alignment are frequently 
necessary in order to avoid reaches which exhibit extreme instability. The 
basic problem in the selection of the site as well as in the design of the 
crossing of an alluvial river lies in understanding what the river is in the 
process of doing at the time and by study of this action and of available data 
to predict within relatively narrow limits what it will do within a given future 
period. In making the study for selection of the site it is first necessary to 
compile the history, geology, and hydrology of the stretch of river within 
which the crossing could be feasibly and economically made. Basic data is 
usually obtainable from the records of the Corps of Engineers, U. S. Army, 
and other federal and state agencies. A study of this information makes pos- 
sible a fairly close approximation of the best location. It is then necessary to 
make an accurate up-to-date survey of the river, noting caving banks, sand 
bars, etc., so as to arrive at exactly the best location within the selected 
reach. 

A map prepared for use in the selection of a pipeline crossing of the 
Mississippi River is shown on Fig. 3. The bank line locations in accordance 
with surveys made by the U. S. Mississippi River Commission in 1881-82, 
1913, 1939, and 1953 are plotted for 21 miles of river. Levee lines and sig- 
nificant data from geological reports are also shown. Thalweg profiles for 
these years for this reach were also plotted on another drawing. On the basis 
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of this study several locations were selected for more detailed investigation. 
This detailed investigation included Bed Change Studies, as shown graphically 
in Fig. 4, which indicate the direction of action of the river and whether the 
changes indicate that there may be a general trend in progress or whether the 
changes are more or less cyclic. Comparative cross sections were also 
plotted at these locations. Based on these studies, profiles for underwater 
crossings based on a life of 20 years were laid out at the tentatively chosen 
sites and cost estimates were computed. The crossing site was selected on 
the basis of these studies. A detailed survey was then made at the selected 
site to be sure that no important changes had occurred subsequent to the last 
available survey and to provide information for final layout and the prepara- 
tion of construction drawings. 


Design Considerations 


In the design of a pipeline river crossing the effects of buoyancy, stream 
currents, stream turbulence, scour and fill of the stream bed, bank recession, 
debris and sand movement, temperature changes, anchoring of boats, dredg- 
ing, corrosion, corrasion, and attack by marine organisms must be taken into 
consideration. Of these factors the characteristics of the external dynamic 
loads, i.e., those caused by currents and turbulence, are probably the least 
understood and are also the most frequent cause of trouble. Pipeline cross- 
ings of rivers, whether submerged or aerial, present basically the problem of 
a cylinder submerged in a moving fluid. Both aerial and submarine crossings 
are thus subject to several similar dynamic loads derived from the movement 
of the surrounding fluid. These loads differ in their magnitude and relative 
importance as the density and possible velocity of the surrounding fluid, i.e., 
air or water. Perhaps the most readily conceived of these loads is drag, or 
the downstream force resulting from impingement of the current, or wind, on 
the pipe. 

The second dynamic load is a periodic alternating load acting perpendicu- 
lar to the primary direction of the current which tends to induce vibration of 
“flutter” of the pipe. This type of load occurs only at certain combinations of 
stream velocity and pipe diameter. It is a result of the “circulation” about 
the pipe and may be examined and evaluated through the relations exposed by 
the “von Karman Vortex Trail.” 

A third load resulting from the dynamic effects of the moving fluid is that 
resulting from the “turbulent velocity fluctuations” of the passing flow. Less 
is known of the details of this phenomenon than of the two foregoing load 
sources. Briefly, it results from the fact that in turbulent flow the instan- 
taneous downstream velocity at a point varies widely with time; that is, there 
are irregular velocity pulsations. These velocity pulsations result in a varia- 
tion of total pressure at the point; and the variation in pressure between adja- 
cent points, or between a relatively still or constant velocity fluid, such as 
that premeating the bed, and a point within the moving fluid, results in loads 
acting toward the relatively low pressure point. 


Drag 
The “drag” or downstream force acting on a submerged pipe may be readi- 
ly estimated by means of well established experimental drag coefficients once 


the pipe size and design velocity of the fluid are established. A horizontal 
downstream force or drag load of 25 lbs. per linear foot of smooth 30-inch 
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pipe is produced in water at a current velocity of about 5.5 feet per second; 
and a force of 75 lbs. per foot of pipe is produced at a velocity of about 9 feet 

per second. The drag load per linear foot of 30-inch pipe suspended in a 100 

m.p.h. wind would be approximately 25 lbs. per lin. ft. 

The horizontal wind load effects on pipeline bridges are resisted by the 
wind cables. On submarine lines, it is desirable to avoid such loading either 
by adequate entrenchment or in some instances where small lines are in- 
volved, the provision of weight sufficient to hold the line in position on the 
bottom and minimize exposure. The most critical condition of drag force 
loading on submerged lines usually occurs during the laying or pulling opera- 
tion. The possible magnitude of the drag load requires that during the con- 
struction of submerged lines full advantage be taken of the natural low veloci- 
ty periods and that the line exposed during laying be provided with adequate 
support. 


Vibratory or Flutter Loading 

The periodic loads resulting from “circulation” about a cylindrical object 
result in the most spectacular, as well as one of the most dangerous, load 
conditions encountered in suspended pipelines. 

Circulation is induced about a cylinder by the formation of vortices in its 
wake. These vortices, at certain Reynold’s numbers, form and then break 
away on alternate sides of the cylinder’s wake. The characteristic wake 
developed by vortices spaced regularly and alternately behind the cylinder is 
called the “von Karman Vortex Trail.” 

On a rigid cylinder the period of vortex formation and shedding, and thus 
the period of force reversals, is dependent on the velocity of the flow. If the 
cylinder is free to vibrate the proportionality between stream velocity and 
vortex shedding is obscured by a tendency toward the development of vortices 
in phase with the natural frequency of the cylinder and its supporting struc- 
ture. The most severe vibration and oscillation occurs under this combina- 
tion of forced vibrations resulting from vortex formation and “self-excited” 
vibration at the natural period of the suspended cylinder. 

Examples of the deflection and stress conditions that may be expected as 
the result of such loading is afforded by the observed oscillation of pipeline 
suspension bridges, the “singing” of telegraph wires, and the “flutter” of 
pipes suspended in water. 

Remedial action for the prevention of such oscillations include such 
measures as increasing the stiffness of the structure, and thus changing its 
natural period, the installation of damping devices, or, in some instances, the 
alteration of the structure profile by the installation of shrouds or similar 
devices. With submerged pipelines, the best solution is again adequate cover 
with the hope that the most critical conditions will occur during laying. 


Turbulence Loading 

Loads resulting from turbulent velocity fluctuations are irregular, and are 
generally obscured by the previously discussed more readily analyzed loads. 
They are of particular significance during the initial stages of submarine 
pipeline exposure, as the line is uncovered by scour. Their possible magni- 
tude requires that they be given consideration. 

Present knowledge does not permit an estimate of the areal extent over 
which such pressure differences may obtain. It is of interest to note in this 
connection, however, that such pressure variations have been held responsible 
for the “lifting” of articulated concrete mat revetments. 
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Design against pressure variations resulting from turbulence is generally 
adequately provided for by the measures outlined above for resistance to 
drag and flutter forces. 

The only practical method of protecting a large line against most of the 
dangers referred to above lies in entrenchment into the bed and banks of the 
river. For streams flowing in channels composed of hard rock a trench is 
blasted across the stream deep enough to permit covering the pipe. This 
trench should have a smooth bottom and be laid out so that the pipe can be 
fitted to it with as few bends as practicable. It is desirable to pad the trench 
with sand and gravel and to backfill it with small broken stone since no natur- 
al filling can usually be expected. 

Entrenchment in alluvial rivers requires a great deal more consideration. 
Bank and bed changes are constantly occurring in such streams to more or 
less extent. In order to insure an underwater pipeline against damage from 
currents, dragging anchors, corrasion, etc., the pipe must be entrenched into 
the bed and banks sufficiently that bank movement will not disturb it nor 
scour uncover it during the economic life of the project. The accomplishment 
of this objective may be limited in some cases by the availability of capable 
equipment although hydraulic dredges with digging depths of as much as 100 
feet are in service. The decision as to the entrenchment into the bottom is 
based on a study of the available cross sections and thalweg profiles and a 
consideration of the phenomenon of cyclic variation in the elevation of the bed 
which varies with stage. In the most stable reaches of an alluvial river neg- 
lect of this last factor has been known to result in failure of a pipeline. There 
are very few locations where the amount of this variation has been accurately 
measured. A graph showing the variation in the elevation of the thalweg dur- 
ing a period of one year plotted against gauge heights at an otherwise stable 
cross section on the Mississippi River is shown on Fig. 5. Entrenchment in- 
to the banks as well as the decision as to the maximum depth of the pipe in 
the stream is based to a considerable extent on the comparative study of the 
cross sections at the site for the various years of record. Bank entrenchment 
also must be based on a study of past changes in the horizontal pattern of the 
river. A reach that is stable today may be found to be in imminent danger of 
becoming unstable because of changes which are occurring above or below the 
site. There are few, if any, places on the Mississippi above Baton Rouge 
where bank changes cannot be expected to occur more or less rapidly. The 
decision as to amount of bank entrenchment must be based on an estimate of 
what the rate of change will be in the future and how long the project is ex- 
pected to last. 

The best method for entrenching the pipe across a large alluvial stream is 
by means of hydraulic dredging in the bed and in the banks up to the water 
surface, the trench to be excavated prior to the placing of the pipe. It is not 
usually necessary to fill the trenches between banks since the river will take 
care of that in short order. The bank trenches should be backfilled to restore 
the original alinement of the bank line if it is practicable to do so. This back- 
fill should be protected by riprap or sandbags and the top of bank shaped so 
as not to permit drainage to run over the new fill. 

The steel from which the underwater pipeline is made should have as much 
flexibility as is consistent with strength and weldability requirements. For 
land lines it has become the practice to raise the yield point by expansion of 
the pipe so as to lower the required wall thickness. Underwater crossings 
are more inaccessible and a break in such a crossing is many times as 
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expensive to repair as a line on land. It is, therefore, very important to 
specify carefully the steel to be used with regard to ductility as well as 
strength. Working stresses should be lower than those normally used in land 
pipe. Sagbends and overbends, if required, should be bent on the job to fit the 
trench as actually dug. In many cases it will be found feasible to lay the pipe 
without pre-bent bends which is of considerable advantage from the stand- 
point of laying. 

In the design of large pipelines the wall thickness required to take care of 
the pressure always provides less weight than that necessary to overcome the 
buoyancy of the empty pipe. This buoyancy must be overcome by the addition 
of weight to the line. Weight in excess of that required for overcoming the 
buoyancy as computed on the basis of its displacement of fresh water must be 
added so as to cause the pipe to settle into the trench at the desired location 
even if it is partially filled with soft silt. It has been found that for large 
pipes across the Mississippi River the addition of weight so as to furnish a 
total weight in air equivalent to about 1.3 times that of the volume of water 
displaced by the pipe plus the weighting material is sufficient for good placing 
and to insure that the pipe will remain in place until the trench is backfilled. 
Small pipes are frequently laid directly on the bottom without trenching be- 
cause of the relative expense involved. Such lines are usually weighted very 
heavily so as to resist movement due to currents. 

Weighting can be accomplished by increasing the thickness of the pipe; by 
the attachment of concrete or steel weights (called clamps); or by continuous 
coatings. The requirement for retention of maximum flexibility should be 
considered in the choice of a weighting method and material. I is also im- 
portant, particularly during the laying process, that the area and length of 
pipe exposed to the current be as small and as smooth as possible. Each 
method of weighting still has its advocates but the continuous coating, using 
heavy-aggregate concrete for the coating material, is now much the most 
commonly used. The use of barite aggregate has been found to provide a 
strong, durable concrete weighing consistently 185-190 pounds per cubic foot. 
The coating methods are such that the surface is left relatively smooth and 
the coating adheres to the pipe quite tenaciously, serving to protect the cor- 
rosion coating during handling. As of the present time, it also provides the 
cheapest method of securing additional weight. 

Fig. 6 shows design profiles for the main and auxiliary crossings of a 30- 
inch pipeline across the Atchafalaya River. The profile is well below the 
bottom elevations of the cross sections made from all of the surveys that 
could be obtained. The sagbend radii are such as to permit laying of the pipe- 
line without stressing it in excess of 20,000 lbs./sq. in. in a longitudinal di- 
rection. The overbends were made cold and coated on the job. The pipe used 
was .656 wall thickness and the coating consisted of 2-1/2-inch thickness of 
190-lb. concrete with wire mesh reinforcement. 


Construction 


Pipeline river crossings are usually placed either by pulling the pipe 
across the river after it has been welded-up on shore or by placing it from a 
laying barge. The laying barge method is usually slower but is preferred on 
large rivers particularly where there is considerable current. Whether the 

pipe is placed by use of a laying barge or is pulled, it must be supported 


FEET 


DISTANCE IN 
17 


June, 1957 


2000 
| EAST) 
(LEFT BANK) 


| HITT 


| 


4-4 


4 
te 


— 


A 
1281-18 PL2 
| | | | | iMILE 
| 
Weve 
| | | | 375 \" | 
20 + 
| | | | TOP 
| | j 
| | j j | 
2800. 2600 i 2400 | 2200 2000 | 1900 1600 | 
| | | j | 
| | 
~~ -4+— - 4- j t + t t + 
| | % 
| | TOP 
| | | | 
| ; | | | 
| | | | 


1281-19 


HT BANK LEVEE 
1200 | | 
+ + + 


WEST 
(RIGHT BANK) 


‘ 


ELEVATION-FEET 


HORIZONTAL 
VERTICAL 
+ 


NOTES 
1950 Cross Section R469 Shifted 100 Lt 
| To Compensete for Apporent Error m CE 
Survey 
Terougn 1962 Croes Sectors trom 
Surveys by USA Corps of Engmeers 
1954 Cross Section trom Survey by 
Pyoure B Odom on August 2 
1956 Cross Secfon trom Survey Dy 
Pyourn & Odom on October B 


4 
= 
z 
zi 
< 
> 
4 
bad | 


ATCHAFALAYA RIVER 
COMPARATIVE CROSS SECTIONS 
AND DESIGN PROFILES 


PYBURN CONSULTING ENGINEERS 
BATON ROUGE , .OUISIANA 


AUGUST 30,1954 FLLE BO 26-—950-—02 


ASCE ODOM 
| j | | | 
| 
+ + + + + + 60 4 4 + 
| | | i | | | | | 
| | | 
/ / 1955 L | 
j | | 
\ 4 4 ‘ + 40 4 4 4 4 4 
| | | | } | | | 
1200 10b0 860 660 
MILE | | 
/ | | | | 
‘ese | 37s | | 
| j | | 
/| | | | | | | | 
4 4 4 -20 + + | 
| | | | | | | 
« 
ToP | | 
— t 3S 
= 
4 4 r 
| | | 3 
FI6.6 


50 Ton 
Derrick Borge 


DERRICK BARGE 


June, 1957 


BOTTOM OF Ff 


1281-20 PL 2 
"4 
Q 120° - \ | LAYING 
RAMP BARGE DOPE BARGE 
| ? = Dope Borge 
= 
| 
50 TON : 
__ LAYING 


ASCE ODOM 


LINE GRADLE SPAGING LINES 


Mold Back Anchors 


SURFACE 


sean TO 
eoTTom 


= - 


SCHEMATIC DIAGRAM 
PIPE LAYING PLANT LAYOUT 


FIG. 7 


| 
¢ ? 
j 
| ing Winch 
PIPE € 
LINE CRADLE SPACING LINES 
Pm VIEW 
( G IN BARGES 
PERRAULT CRADLE 


1281-22 


PL 2 June, 1957 


during the installation process so as to prevent excessive longitudinal 
stresses from developing. A sketch showing a typical pipeline laying barge 
with pipe being supported by pontoons between the end of the barge and the 
bottom of the river is shown on Fig. 7. 

In order to get a good installation of a pipe across a large river, it is very 
necessary that the contractor be experienced on river work and that he have 
adequate and proper equipment. Construction contracts are usually let to the 
low bidder on a lump sum basis. The specifications are framed so as to en- 
sure against damage to the pipe during construction and to provide that a good 
bed and backfill are provided. The actual details of construction are left to 
the contractor. This practice has resulted in permitting the owners to take 
full advantage of the ingenuity of contractors in devising more economical 
methods of construction. 

Corrosion protection is accomplished by doping and wrapping and cathodic 
protection similar to that provided on land lines. It is necessary to exercise 
extreme care in corrosion control of a crossing because of its future inacces- 
sibility. A careful check of the chemical qualities of the river water at all 


stages should be made so as to determine if any special precautions will be 
necessary. 


Selection of Working Season 


On all rivers there are certain months in the year during which it is 
feasible to work and others when the best efforts are likely to fail. There are 
very few rivers for which it can be guaranteed that a trench can be opened up 
and a pipe can be laid every year. Some years, unpredictable flash floods 
will occur which will halt dredging, fill trenches or break the pipe while it is 
being laid. On the other hand, a great deal of misery can be avoided by the 
study of the hydrographs of the river for a number of years and the selection 
of that period of the year during which the chances of successful work are the 
best. The critical point in dredging of trenches is reached when the velocity 
becomes such that it begins to move the bed load of the stream. This point 
can usually be estimated fairly closely. Velocities in the Lower Mississippi 
River bear a close relation to gauge heights. A graph showing the relation- 
ship between velocities and gauge heights near Greenville is shown on Fig. 8. 
A graph prepared for a site on the Mississippi River on the basis of recorded 
gauge heights for a number of years from which the gauge heights to be ex- 
pected during the various months of an average year can be computed is 
shown on Fig. 9. A horizontal line is drawn on the chart at the gauge height 


at which the velocity would be sufficient to cause the pipe to flutter during the 
laying process. 


Inspection and Testing 


The best laid plans of engineers are worthless unless they are followed 
out. The only way to ensure compliance with specifications is to inspect the 
work carefully during construction and to test it when it is completed. The 
construction of a dependable river crossing requires that the welding and 
corrosion inspection should be of a very high order. It is also necessary to 
inspect carefully dredging of the trench to proper grade and alignment. The 
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pipe laying operation should be checked continually during the progress of the 
work. 

In the surveying and inspection work of construction of trenches and keep- 
ing up with the location of the pipe while it is being laid, the author’s firm has 
found the use of an electronic sounding device to be indispensable. 

Pressure testing of the underwater line is usually more rigid than for land 
lines. The usual practice is to test the joints separately at pressures in ex- 
cess of working pressure before welding them into the line. After the line is 
laid, it is customary to run a pig through and to give the crossing a test for 
several hours at about 125% of working pressure before backfilling. The test- 
ing is done either with gas, air, or water. 
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1239(WWw2), 1240(WW2), 1241(WW2), 1242(WW2), 1243(WWw2), 1244(HW1), 1245(HW1), 1246 
(HW1), 1247(HW1), 1248(WW2), 1249(HW1), 1250(HW1), 1251(WW2), 1252(WW2), 1253(IR1), 
1254(ST3), 1255(ST3), 1256(HW1), 1257(IR1)¢, 1258(HW1)°, 1259(ST3)°. 


JUNE: 1260(HY3), 1261(HY3), 1262(HY3), 1263(HY3), 1264(HY3), 1265(HY3), 1266(HY3), 1267 

(POS), 1268(PO3), 1269(SA3), 1270(SA3), 1271(SA3), 1272(SA3), 1273(SA3), 1274(SA3), 1275 
(SA3), 1276(SA3), 1277(HY3), 1278(HY3), 1279(PL2), 1280(PL2), 1281(PL2), 1282(SA3), 1283 
(HY3)°,1284(PO3), 1285(PO3), 1286(PO3), 1287(PO3)°, 1288(SA3)°. 


c. Discussion of several papers, grouped by Divisions. 
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